In adults, studies examining the long-lasting cognitive effects of marijuana use demonstrate subtle deficits in attention, executive function, and memory. Because neuromaturation continues through adolescence, these results cannot necessarily generalize to adolescent marijuana users. The goal of this study was to examine neuropsychological functioning in abstinent marijuana using and demographically similar control adolescents. Data were collected from 65 adolescent marijuana users (n 5 31, 26% females) and controls (n 5 34, 26% females) 16-18 years of age. Extensive exclusionary criteria included independent psychiatric, medical, and neurologic disorders. Neuropsychological assessments were conducted after . 23 days of monitored abstinence. After controlling for lifetime alcohol use and depressive symptoms, adolescent marijuana users demonstrated slower psychomotor speed ( p , .05), and poorer complex attention ( p , .04), story memory ( p , .04), and planning and sequencing ability ( p , .001) compared with controls. Post hoc analysis revealed that the number of lifetime marijuana use episodes was associated with poorer cognitive function, even after controlling for lifetime alcohol use. The general pattern of results suggested that, even after a month of monitored abstinence, adolescent marijuana users demonstrate subtle neuropsychological deficits compared with nonusers. It is possible that frequent marijuana use during adolescence may negatively influence neuromaturation and cognitive development. (JINS, 2007, 13, 807-820.) 
INTRODUCTION
Marijuana is the most widely used illicit intoxicant and a significant public health concern for adolescents. Almost half of 12th graders have tried marijuana, with 5% reporting daily use (Johnston et al., 2005) . Early marijuana involvement can be particularly problematic, as use before age 15 is associated with a sevenfold increased risk of developing a substance use disorder in the future (SAMHSA, 2004) . Concomitant alcohol and marijuana use is common, as 58% of adolescent drinkers also use marijuana (Agosti et al., 2002; Martin et al., 1996) .
Animal studies have demonstrated cellular changes associated with chronic cannabis exposure, especially in prefrontal, hippocampal, and cerebellar regions among mice (Childers & Breivogel, 1998; Ghozland et al., 2002; Misner & Sullivan, 1999) , rats (Carta et al., 1998; Chan et al., 1998; Landfield et al., 1988; Romero et al., 1995; Rubino et al., 1997) , and primates (Harper et al., 1977; Heath et al., 1980) . Morphometric studies conducted among adult marijuana users have yielded conflicting results. Two studies reported both gray and white matter abnormalities in several brain regions among young adult marijuana users (Aasly et al., 1993; Matochik et al., 2005) , although findings reported by Aasly and colleagues may have been attributable to alcohol use. In contrast, Block and colleagues, in a study excluding individuals with histories of heavy drinking, did not find structural brain abnormalities among cannabis users (Block et al., 2000) . Recent functional neuroimaging studies on adults have found prefrontal, hippocampal, and cerebellar functioning abnormalities among marijuana users (Block et al., 2000 (Block et al., , 2002 Eldreth et al., 2004; Gruber & Yurgelun-Todd, 2005; Loeber & Yurgelun-Todd, 1999; Lundqvist et al., 2001) .
The neuropsychological effects of marijuana have been studied in adults for over three decades. However, the longterm effects of chronic cannabis use, as opposed to acute effects, are less characterized. In a meta-analysis examining 11 studies, Grant and colleagues (2003) found that chronic cannabis use was associated with persistent but subtle deficits in learning and memory, but not in other cognitive domains. Other studies have demonstrated persisting deficits in processing speed, attention, working memory, visuospatial skills, and executive functioning (Bolla et al., 2002; Croft et al., 2001; Ehrenreich et al., 1999; Lyons et al., 2004; Pope et al., 1997; Pope & Yurgelun-Todd, 1996; Solowij et al., 2002; Varma et al., 1988) . However, some studies found no persisting cognitive deficits among adults with histories of heavy marijuana use (Carlin & Trupin, 1977; Pope et al., 2002; Schaeffer et al., 1981) , and one study found that observed neurocognitive deficits normalized within a month of abstinence (Pope et al., 2001) .
Because neuromaturation continues through adolescence (Giedd et al., 1996; Sowell et al., 2002) , results based on adults cannot necessarily generalize to adolescent marijuana users. White matter develops into the late 20s (Benes et al., 1994; Jernigan & Gamst, 2005; Nagel et al., 2006; Pfefferbaum et al., 1994; Sowell et al., 1999) . Concurrently, gray matter volume peaks around ages 12-14 then decreases, due largely to synaptic pruning (Huttenlocher, 1990; Toga et al., 2006) in the striatum and frontal lobe anterior to the motor strip (Jernigan & Tallal, 1990; Jernigan et al., 1991; Sowell et al., 1999) , frontal poles, and lastly in the dorsolateral prefrontal cortex (Gogtay et al., 2004; Sowell et al., 2002) , which also is late to myelinate (Paus et al., 1999) . Furthermore, adolescence may be a period of vulnerability to the neurocognitive effects of drug and alcohol use (Monti et al., 2005; Spear, 2000) . For example, CB1 cannabinoid receptor levels in animals peak in early adolescence (Belue et al., 1995) , cannabis-exposed adolescent rats are more vulnerable to learning impairments compared with exposed adult rats (Cha et al., 2006; Schneider & Koch, 2003; Stiglick & Kalant, 1982 , 1985 , and early adolescent onset of use is associated with increased morphometric and cognitive abnormalities in adult marijuana users (Ehrenreich et al., 1999; Pope et al., 2003; Wilson et al., 2000) .
Despite the high prevalence of marijuana use, few studies have examined neurocognitive functioning in heavy marijuana using adolescents (Verdejo-García et al., 2004) . Recently, we examined hippocampal volume and asymme-try and verbal memory among 63 adolescents (alcohol using, alcohol and marijuana using, and nondrug using; Medina et al., 2007b) . Similar to Tzilos and colleagues (2005) , we found that marijuana and alcohol using adolescents did not significantly differ from controls in hippocampal volume. However, we did find that the correlations between hippocampal asymmetry and verbal learning were abnormal among the marijuana users compared with the nondrug using controls. More specifically, increased right greater than left hippocampal asymmetry was associated with improved verbal learning among the controls, while no significant correlations between structure and function were found among marijuana users. Consistent with the adult literature (Block et al., 2002; Kanayama et al., 2004) , functional neuroimaging studies have found abnormal frontal, temporal, and parietal activation patterns among adolescent marijuana users compared with controls in response to verbal working memory (Jacobsen et al., 2004 (Jacobsen et al., , 2007 and spatial working memory (Schweinsburg et al., 2005) tasks.
With few exceptions (Teichner et al., 2000) , neuropsychological studies focusing on adolescent substance abusers have found persisting cognitive deficits associated with heavy marijuana use. In an inpatient treatment study, marijuana-dependent adolescents demonstrated short-term memory decrements after 6 weeks of abstinence compared with polydrug (nonmarijuana) users and controls (Schwartz et al., 1989) . Marijuana using adolescents have also demonstrated increased perseverative responding on a problem solving task compared with control adolescents (Lane et al., 2006) . A longitudinal investigation by Tapert and colleagues (2002) followed 47 polysubstance users and 26 normal controls over 8 years, from ages 16 to 24. Cumulative marijuana use over the 8-year follow-up period significantly predicted attention performance above and beyond effects accounted for by baseline attention scores, age, and practice effects. Another longitudinal investigation (Fried et al., 2005) that covaried for baseline functioning before marijuana initiation found that, among individuals with prenatal exposure to cannabis, heavy marijuana users demonstrated poorer overall IQ, processing speed, and immediate and delayed memory compared with controls.
One critique of previous research is that the observed neuropsychological deficits may be due to polysubstance use (Teichner et al., 2000; Tapert et al., 2002) , family history of substance use disorders (Tapert et al., 2002; Tapert & Brown, 2000) , or comorbid psychiatric disorders (Kruesi et al., 2004; Schwartz et al., 1989) . Furthermore, cognitive deficits among marijuana users may be attributable to acute or subacute cannabis withdrawal (Pope et al., 2001) . Therefore, the goal of this study was to characterize the neuropsychological effects of adolescent marijuana users without comorbid psychiatric disorders after approximately 1 month of abstinence. It was hypothesized that adolescent marijuana users would demonstrate significantly poorer cognitive function in areas associated with frontal, cerebellar, and hippocampal functioning (Loeber & Yurgelun-Todd, 1999; Lundqvist et al., 2001) , including processing speed, 808
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METHODS

Participants
Adolescents were primarily recruited from local high schools and universities via distribution of flyers and ads. To assess for study eligibility, comprehensive telephone screening measures were administered to both adolescents and parents0 guardians. Inclusion criteria required that youth were between 16 and 18 years of age, fluent in English, and had a parent or legal guardian available to consent and provide medical and psychiatric history. Exclusionary criteria included history of Diagnostic and Statistical Manual for Mental Disorders-Fourth Edition (DSM-IV) Axis I disorder (other than substance use disorder) or use of psychoactive medications; history of chronic medical illness, neurological condition (e.g., meningitis, HIV), or head trauma with loss of consciousness . 2 min; significant prenatal alcohol (Ն4 drinks in a day or Ն7 drinks in a week) or drug exposure; complicated delivery or premature birth (,33 weeks gestation); learning disability or mental retardation; first-degree relative with history of bipolar I or psychotic disorders; left-handedness; and noncorrectable vision, colorblindness, or hearing impairments. If at any time during the 28-day abstinence period a teen reported or tested positive for any substance use, he0she was excluded from study and not included in any data analyses (five individuals were excluded for positive toxicology screens). All participants and their parents0guardians (if teen is a minor) underwent written informed consent (written assent for minors) in accordance with the University of California, San Diego Human Research Protections Program. Teens were classified into two groups: a marijuana using ("MJuser") or a drug-free ("control") group. A priori classification criteria for the MJ-user group included .60 lifetime marijuana experiences; past month marijuana use; ,100 lifetime uses (,10 in past 3 months) of drugs other than marijuana, alcohol, or nicotine; and not meeting Cahalan criteria for heavy drinking status (Cahalan et al., 1969) . Control group classification criteria were ,5 lifetime experiences with marijuana (none in the past month), no previous use of any other drug except nicotine or alcohol, and not meeting criteria for heavy drinking status (see Table 1 ).
Study Protocol
All participants from the current study completed the larger ongoing study (e.g., Medina et al., in press) . Initial youth and parent0guardian screening interviews were administered separately by trained laboratory assistants to assess eligibility criteria. Participants were informed of the purpose of the study, procedures, potential risks and benefits, and confidentiality. Both parents and youth were informed that all study data are confidential (including group classification and toxicology results). If eligible after the initial screens, teens and parents were administered detailed interviews assessing demographic and psychosocial functioning, Axis I psychiatric disorders, and substance use history. To facilitate open disclosure, parents and youths were interviewed by different lab assistants, and confidentiality was guaranteed within ethical and legal limits. Adolescents who remained eligible were scheduled to begin the monitored abstinence protocol.
Youths were monitored with supervised urine and breath samples every 3-4 days for 4 weeks. Youths with positive urine samples or breath alcohol concentrations (Intoximeter AlcoSensor IV) or who appeared intoxicated were offered the option of restarting the toxicology screen procedure at a later time or to discontinue the study. If toxicology results indicated cessation and maintenance of abstinence, the adolescent received an evaluation between Day 23 and 27. Of MJ using youth who initiated monitored abstinence, 5 individuals had data suggesting substance use during the 4-week period, leaving 31 abstinent MJ users for this study. Youth who did not maintain abstinence were discontinued and compensated for their time. Upon completion of the study, youth and parents0guardians received financial compensation for participation.
Screening Inventories and Questionnaires
The detailed screening interview included the Structured Clinical Interview (SCI) measuring psychosocial functioning, activities, estimated pubertal stage, last menstruation (for females), health history, and handedness, and the computerized NIMH Diagnostic Interview Schedule for Children (C-DISC-4.0; Shaffer et al., 2000) excluded participants with major psychiatric disorders, including DSM-IV Axis I mood, anxiety, attention deficit hyperactivity disorder, and conduct disorders. Parallel modules of the computerized Diagnostic Interview Schedule (C-DIS-IV; Robins et al., 1996) were used for 18-year-olds who lived independently. Family history of psychiatric and substance use disorders was also assessed (Rice et al., 1995) .
Youth were then administered the Customary Drinking and Drug Use Record (CDDR) to assess lifetime and past 3-month use, withdrawal symptoms, DSM-IV abuse and dependence criteria, and substance-related life problems (Brown et al., 1998; Stewart and Brown, 1995) . Youth were administered the modified Time-Line Followback (TLFB; Sobell and Sobell, 1992) to obtain detailed information regarding type, quantity, and frequency of drug use during the past month. The TLFB provides a detailed substance use pattern using a calendar format with temporal cues to aid recall. Teens were asked how much they used each of the following drugs: marijuana, alcohol, nicotine, stimulants (cocaine, amphetamine, methamphetamine, MDMA0 ecstasy), opiates (heroin, narcotic pain relievers other than as prescribed), dissociatives0hallucinogens (PCP, mushrooms, LSD, ketamine), sedatives (GHB, barbiturates, ben- zodiazepines), and misuse of other prescription or over-thecounter medications.
If the youth continued to be eligible, a parent or guardian underwent a detailed screening interview using the parent version of the SCI, including information on prenatal0 infant development, childhood behavior, age of developmental milestones, parental socioeconomic status (SES; Hollingshead, 1965) , family history of psychiatric and substance use disorders (Rice et al., 1995) and youth and family medical and psychiatric history. Parents0guardians were also administered the parent version of the C-DISC-4.0 and the TLFB to improve the reliability of the youth diagnostic and substance use reports. At the neuropsychological session, youth were administered the Beck Depression Inventory (BDI; Beck, 1978) and the Spielberger State-Trait Anxiety Inventory (STAI) to assess mood (Spielberger et al., 1970) .
Neuropsychological Battery and Composite Scores
A battery of standardized neuropsychological tests was administered to all participants. To reduce the number of dependent variables, a hybrid method using composite scores was used (for discussion, see Delis et al., 2003) . This approach considered both the established categorization of cognitive domains (Lezak et al., 2004) as well as the results of reliability analyses. This strategy ensured that, for both subject groups, the individual tasks in each theoretical category were significantly correlated. After developing the composite categories, each individual neuropsychological variable was converted to a Z score based on the whole sample of adolescents (n 5 65). The individual test Z scores were then averaged to form the final composite Z score for each cognitive domain. Internal consistency of the composite scores was assessed by standardized Cronbach's a coefficients. Composite scores were reevaluated if a coefficient levels were ,.50. As indicated in Wechsler, 1997b ) Digit Symbol total score, Arithmetic total score, and Digit Span backwards score; and the Paced Auditory Serial Addition Test (PASAT) 2-second trial total score (Gronwall, 1974) . 
Data Analysis
Demographic comparisons
To explore any potential group differences, ANOVAs and x 2 tests were run to compare groups on important demographic and drug use variables. Interpretations of statistical significance were made if p , .05.
Primary analysis: Group and composite scores
To assess the relationships between group status and neuropsychological performance, after controlling for depressive symptoms and lifetime alcohol use, ordinary least squares multiple regressions were run (n 5 65) with each of the eight neuropsychological composite scores as dependent variables. The first step entered the following independent variables: group status (MJ-user vs. control), BDI score, and lifetime alcohol use. An interaction between group and lifetime alcohol use was entered on the second step. If the interaction term did not significantly contribute to the model, only results from the first step were reported.
Post hoc analyses: Individual neuropsychological tasks
For each significant composite score, we ran regressions to determine which individual neuropsychological tasks were predicted by group status after controlling for depressive symptoms and lifetime alcohol use. To reduce Type I error, domain-specific a levels were used (a 5 .050number of subtests within a composite score).
Secondary analyses: Substance use patterns
To examine whether a dose-dependent relationship exists between lifetime marijuana consumption and neuropsychological function, multiple regressions were run (n 5 65) in which the dependent variables were the eight neuropsychological composite scores and the independent variables were lifetime marijuana and alcohol consumption.
RESULTS
Demographic and Mood Information
ANOVAs and x 2 s tested whether MJ-users and controls differed demographically (see Table 1 ). The MJ-users and controls did not differ in age [F(1,64) 5 .82; p 5 .37], grades completed [F(1,64) 5 .01; p 5 .92], WRAT-3 Read-ing standard score [F(1,64) 5 2.1; p 5 .17] (Wilkinson, 1993) , Vocabulary T score [F(1,64) 5 .71; p 5 .40] (Wechsler, 1999), gender composition [17 females, 48 males;
x 2 (1) 5 .004; p 5 .95], parental SES (Hollingshead, 1965) [F(1,64) 5 .01; p 5 .93], family history of substance use disorders (none, mild, or positive) [x 2 (2) 5 .44; p , .80], STAI state anxiety T score [F(1,64) 5 3.69; p 5 .06], racial identification (71% Caucasian, 12% multiple ethnicities, 9% Asian, 3% African American, 2% Pacific Islander, and 3% "other") [x 2 (5) 5 6.96; p 5 .22], or percent reporting Hispanic or Latino ethnicity (14%) [x 2 (2) 5 0.50; p 5 .98]. The MJ-users reported more depressive symptoms on the BDI [F(1,64) 5 10.62; p 5 .002] and lower grade point averages [F(1,64) 5 4.5; p 5 .04], and they were more likely to report problems in school within the past 2 years [x 2 (1) 5 10.00; p 5 .002] than controls (although on the BDI, MJ-users were still within the nondepressed range). 
Drug Use Information
As described above, monitored abstinence with urine toxicology occurred for a minimum of 23 days; based on youth self-report, participants were abstinent from all drugs for at least 30 days (light to moderate alcohol use may have occurred; participants with self-reported binge drinking or biological evidence of alcohol use during this time were excluded). The average length of abstinence from any alcohol use for MJ-users was 48 days (663; Table 1 ).
Neuropsychological Functioning
See Table 2 for mean composite Z scores, Cronbach's a coefficients, and standardized scores (when available) on the individual neuropsychological tests.
Bivariate Relationships
See 
Multivariate Relationships
Primary regression analysis: Group
After controlling for depressive symptoms and lifetime alcohol use, MJ-group status was associated with poorer Psychomotor Speed ( b 5 2.32, p , .05), Complex Attention ( b 5 2.33, p , .04), Sequencing Ability ( b 5 2.53, p , .001), and Verbal Story Memory ( b 5 2.34, p , .04). 
Individual Test Follow-Up
The follow-up a levels corrected for multiple comparisons within each cognitive domain were as follows: Psychomotor Speed, .025 (.0502); Complex Attention, .008 (.0506); Sequencing Ability, .025 (.0502); and Verbal Story Memory, .0125 (.0504). Follow-up analysis revealed that MJ-users performed significantly poorer than controls on the two subtests that comprised the Sequencing Ability score, the D-KEFS TMT switching ( 
Secondary regression analysis: Substance use patterns
Given the bivariate results, a series of multiple regressions was run to examine the influence of lifetime marijuana use on neuropsychological performance after controlling for lifetime alcohol consumption. Similar to the group findings, increased lifetime marijuana use was associated with poorer Psychomotor Speed ( b 5 2.27, p , .04 
DISCUSSION
The intent of the current study was to examine whether group status or extent of marijuana use was associated with neuropsychological functioning in a sample of adolescents who demonstrated approximately 1 month of abstinence.
The primary finding was that, after controlling for alcohol use and depressive symptoms, adolescent marijuana users demonstrated poorer Complex Attention, Sequencing Ability, and Verbal Story Memory, and slower Psychomotor Speed compared with nondrug using control adolescents. Furthermore, dose-dependent relationships were observed between lifetime marijuana use and poorer cognitive performance in these same cognitive domains, even after controlling for lifetime frequency of alcohol use. In general, post hoc analysis revealed that composite score differences were primarily driven by a pattern of slightly poorer performance among the MJ-users across several individual subtests within a cognitive domain. More specifically, after correcting for multiple comparisons, MJ-users significantly differed from controls on both sequencing and error subtest scores from the Sequencing Ability composite score ( p's , .006). MJ-users performed marginally poorer ( p's , .10) than controls on several other subtests, including the TMT Number Sequencing (Psychomotor domain); CVLT-II trial 1 recall, Digit Symbol, Digit Span backwards, PASAT 2-second trial (Complex Attention domain); and WMS-III Logical Memory first recall, immediate recall, delayed recall, and recognition (Verbal Story Memory domain) scores. This finding is consistent with longitudinal research following adolescents with substance use disorders over 8 years, also finding dose-dependent relationships between cumulative marijuana use and attentional and executive functioning (which concur with the current study's complex attention and sequencing ability composite scores; Tapert et al., 2002) . These findings lend further evidence to the literature that marijuana use during adolescence is associated with poorer attention, memory, and executive functioning (e.g., sequencing ability; Ehrenreich et al., 1999; Fried et al., 2005; Schwartz et al., 1989) . This neuropsychological profile is consistent with the hypothesis, based on adult studies, that marijuana is primarily associated with frontal, hippocampal, and cerebellar dysfunction (Block et al., 2000 (Block et al., , 2002 Eldreth et al., 2004; Gruber & Yurgelun-Todd, 2005; Loeber & Yurgelun-Todd, 1999; Lundqvist et al., 2001) . Additional structural and functional neuroimaging research focused on abstinent adolescent marijuana users is necessary to confirm this hypothesis.
The current neuropsychological findings differ from those of Pope and colleagues (2001) , who found that deficits in attention, short-term memory, and psychomotor speed were no longer measurable among adult marijuana users following 28 days of abstinence. One possible explanation for this discrepancy is that marijuana use during adolescence may negatively impact neuromaturation and cognitive development, resulting in more severe cognitive consequences compared with use during adulthood. For example, introduction of cannabis during adolescence may interrupt pruning of gray matter or disruption of white matter myelination, especially in the prefrontal cortex (Block et al., 2002; Egerton et al., 2006; Lundqvist et al., 2001) , which continues to develop into early adulthood (Gogtay et al., 2004; Lenroot & Giedd, 2006; Nagel et al., 2006; Sowell et al., 2004) . The current findings are consistent with animal studies that found more severe cannabis-induced learning impairments among adolescents compared with adults (Cha et al., 2006; Schneider & Koch, 2003; Stiglick & Kalant, 1982 , 1985 and findings that early onset use is associated with increased morphometric, electrophysiological, and cognitive abnormalities among adult marijuana users (Ehrenreich et al., 1999; Kempel et al., 2003; Pope et al., 2003; Wilson et al., 2000) . It is unknown whether continued abstinence from marijuana results in neurocognitive recovery or subsequent healthy neurodevelopment among adolescents. Therefore, longitudinal studies are necessary to investigate the longterm trajectory of cognitive and brain functioning in adolescent marijuana users.
Greater lifetime alcohol use was unexpectedly related to better performance on psychomotor speed and complex attention, primarily among the marijuana users. Of note, individuals who met Cahalan and colleagues' (Cahalan et al., 1969) criteria for Heavy Drinker were excluded, so adolescents with regular heavy binge drinking histories were not included in the current study. Still, this finding is in conflict with previous studies demonstrating dose-dependent relationship between increased alcohol use and poorer attention and sequencing ability (Tapert et al., 2002) . One possible explanation is that some other unknown moderating factors (e.g., complex use variables, family functioning, or health behaviors) may explain the relationship between increased moderate alcohol use and improved cognitive function in this sample. Another possible explanation is that marijuana use could be somewhat neuroprotective in combination with moderate alcohol use during adolescence. For example, we have found that alcohol using adolescents demonstrated significantly smaller left hippocampal volumes, while combined marijuana and alcohol using adolescents had volumes similar to nonusers (Medina et al., 2007a) . However, the combined users had significantly weaker correlations between hippocampal morphometry and verbal learning compared with healthy control adolescents, suggesting abnormal memory system functioning. Among adults, simultaneous use of cannabidiol and alcohol actually reduced blood alcohol levels compared with an alcohol-only condition (Consroe et al., 1979) , and combined marijuana and alcohol dependent adults have performed better than alcohol-only dependent adults on an overall mean efficiency score derived from a computerized battery of cognitive tasks (Nixon, 1999) . Thus, there is some evidence in the adult literature that the combined effects of marijuana and alcohol may not be as damaging as alcohol alone. Due to high rates of concurrent alcohol and marijuana use (Agosti et al., 2002; Martin et al., 1996; SAMHSA, 2004) , we were unable to recruit a sizable sample of heavy marijuana users with no history of drinking for the current study, hindering our ability to tease apart the independent contributions of each substance. Additional animal and human research is necessary to further examine the independent and interactive effects of alcohol and marijuana use on neurocognitive function in adolescents.
As with any neuropsychological study, it is important to consider the clinical implications of these findings. Marijuana users performed 0.62 standard deviations poorer than controls on the Sequencing Ability composite, but less than half a standard deviation worse on other composite scores. However, considering that almost half of high school seniors have tried marijuana and 5% use it daily (Johnston et al., 2005) , any observed differences in cognitive functioning is of concern. Notably, these group differences and dosedependent relationships were observed among adolescent marijuana users who may be considered high functioning, with high SES and parental income (see Table 1 ), good physical and neurologic health, above average intelligence and reading ability, and the ability to abstain from substances for at least 1 month. Furthermore, the marijuana users in this sample did not have comorbid conditions associated with neurocognitive impairments, such as conduct disorder or attention deficit hyperactivity disorder (Aronowitz et al., 1994; Kruesi et al., 2004) , groups were similar on family history of substance use disorders (Tapert & Brown, 2000) , and abnormalities were observed after nearly a month of monitored abstinence. Thus, the current results may underestimate cognitive difficulties among the general population of adolescent marijuana users, who are more likely to be current users with comorbid psychiatric conditions. Still, even subtle cognitive difficulty may result in negative consequences in school and work (Lynskey & Hall, 2000) . Students may miss information presented in class due to poorer processing speed, initial learning, and complex attention and working memory. Indeed, although their verbal intelligence and reading ability were comparable, the marijuana users obtained significantly lower grade point averages (3.0 vs. 3.4) and were more likely to demonstrate behavioral problems in school (26% vs. 0%) compared with controls. This finding may be a direct result of subtle cognitive difficulties, or due to effects of intoxication, sleep alterations, poor mood, withdrawal effects, and preexisting neurobehavioral problems (Tarter et al., 2006) for which the marijuana users are at increased risk.
Some methodological limitations should be considered. First, preexisting differences in neurocognition, which may increase risk for substance use (Nigg et al., 2004) , cannot be ruled out in this cross-sectional study. Second, given the studies suggesting decreased motivation associated with marijuana use (Cherek et al., 2002; Lane et al., 2005) , the observed cognitive differences may be due to amotivational influences on test performance. Third, we used composite scores for data reduction purposes, and although common practice, they may not reproduce in other samples. Fourth, results may not generalize to other samples with different lengths of abstinence, patterns of substance use (including nicotine; Jacobsen et al., 2007) , gender or ethnic distribution, or SES0parental income.
In conclusion, the general pattern of results suggested that even after a month of abstinence, adolescent marijuana 816 K.L. Medina et al. users demonstrate subtle deficits in psychomotor speed, complex attention, planning and sequencing, and verbal story memory compared with nonmarijuana using teens. Increased frequency of lifetime marijuana use was also associated with decreased performance in these areas. Implications include the need for psychoeducation aimed at informing adolescents and parents of the potential long-term cognitive consequences of heavy marijuana use. Longitudinal studies are critical to help rule out premorbid influences on cognitive function and to assess the developmental trajectory of neuropsychological functioning among adolescent marijuana users over time.
